Introduction {#sec1-1}
============

Multiple primary colorectal cancers account for 2-5% of all colorectal cancers. The incidence of multiple primary colorectal cancer increases to up to 20% in patients diagnosed with heredo-familial syndrome ([@ref1], [@ref2]). About 25% of patients with colorectal cancer have a family history of colorectal cancer that suggests a hereditary contribution, common exposures among family members, or a combination of both, whereas the majority of patients have a sporadic disease with no apparent evidence of having inherited the disorder. Multiple colorectal cancer can occur in the absence of a defined heredo-familial syndrome, presenting as metachronous carcinomas (MC) in patients with a history of sporadic colorectal cancer or two or more sporadic synchronous carcinomas (SC) at the diagnosis. A personal history of colorectal cancer is a well-known risk factor for developing a second colorectal cancer and it is estimated that in patients undergoing resection of a single colorectal cancer, metachronous colorectal cancer develops in 1.5% to 3% of cases within the first 5 years postoperatively. The risk remains high for up to ten years in some patients ([@ref3], [@ref4]). Over one-half of second primary colorectal cancers arise within 24 months of the initial resection and may represent synchronous cancers that were missed initially ([@ref5], [@ref6]). The prognosis of multiple colorectal cancer remains controversial, and although postoperative surveillance is highly recommended for detecting metachronous cancers or polyps, the optimal frequency and benefits of postoperative colonoscopy are still under debate ([@ref7]-[@ref10]). Moreover, while in younger patients affected by heredo-familial colorectal cancer syndromes a prophylactic total colectomy is recommended instead of multiple segmental colorectal resections, in multiple sporadic colorectal cancer this indication seems unclear and not supported by current evidence ([@ref11]).

The purpose of the present study is to better define the prognostic influence of the surgical management of multiple sporadic colorectal cancer patients.

Methods {#sec1-2}
=======

Clinical and pathological data {#sec2-1}
------------------------------

The medical records of patients with the diagnosis of multiple synchronous or metachronous colorectal cancer treated at our Institution between 1982 and 2010 were retrospectively reviewed. A database of patients with a histological diagnosis of multiple colorectal adenocarcinoma was created. Follow-up data were obtained from the Parma Cancer Registry and patients' clinical charts.

Demographic and clinical data (age, gender, history of cancer, history of colonic polyposis, type of surgery, post-operative morbidity and mortality), pathological data (location of tumours, interval time between tumours, TNM Staging according to the American Joint Committee on Cancer, number of lymph nodes examined, number of lymph nodes positive, grade, histologic type) and data on adjuvant chemotherapy and radiotherapy were collected. If not clearly reported by clinical charts and registries, anamnestic data were additionally collected by telephone interview.

In order to focus the analysis only on sporadic colorectal cancers, familial adenomatous polyposis and Lynch syndrome cases, screened by Amsterdam II, Bethesda and Revised Bethesda guidelines for hereditary non-polyposis CRC were considered as specific exclusion criteria ([@ref12]).

A metachronous cancer was defined as a second primary colorectal cancer occurring more than 6 months after the index cancer without evidence of local recurrence ([@ref13], [@ref14]).

In order to summarize the location of the tumours, the large intestine was divided into 3 sectors based on the main feeding vessels: Right-section (R) from the caecum to the proximal transverse colon fed by the ileo-colic and the right colic vessels, Transverse-section (T) from the middle transverse colon to the splenic flexure fed by the middle colic vessels and Left-section (L) from the descending colon to the rectum fed by the inferior mesenteric vessels. Thus, the location of MSCRC was classified into 3 groups based on the combination of the two colorectal sections involved for each patient: right and left sections (RL), right and transverse sections (RT), left and transverse sections (LT).

Since there were no cases of total colectomy, the extent of surgical resection was classified into two categories: multiple segmental colorectal resections in the case of preservation of at least one main pedicle with all its branches, and subtotal colectomy when one branch of the only preserved pedicle was ligated. Reconstruction of the bowel transit was achieved through 5 different procedures: ileo-transverse colo-rectal anastomosis (ITR), ileo-descending colonic anastomosis (ID), ileosigmoid colonic anastomosis (IS), ascending colo-rectal anastomosis (AR), or anti-peristaltic caeco-rectal anastomosis (aCR) ([@ref15]-[@ref17]).

Statistical analysis {#sec2-2}
--------------------

Data were analyzed using SPSS software (version 14.0; SPSS, Inc., Chicago, IL, USA). The MannWhitney U test was used to compare medians between the numeric variables. Pearson chi-square test was used to compare proportions and nominal variables. Survival analysis was performed utilizing the KaplanMeyer method. Follow up of metachronous CRC patients was considered as starting at the time of the first colorectal resection or alternatively as starting at the time of the second colorectal resection, when judged appropriate. Possible prognostic factors influencing survival were first evaluated by univariate analysis (logrank test). Only parameters which showed significance in univariate analysis were further analyzed by multivariate analysis (Cox proportional hazards test, forward-conditional method). Statistical significance was determined by a*p* value of less than *.05.*

Results {#sec1-3}
=======

Population characteristics {#sec2-3}
--------------------------

We identified 23 patients diagnosed with multiple sporadic colorectal cancers. The median age at the time of diagnosis was 72 years (range: 63-80) for SC patients and 71 years (range: 50-85) and 78 years for index and metachronous cancers respectively in MC patients, with a mean interval time between the diagnosis of the first and the second cancer of 106±97 months (range: 8-360). The majority of MC patients developed the second cancer after 5 years (60%), 2 (13%) within 2 years and 4 (27%) in the time period of 2-5 years. The male-to-female ratio of SC and MC groups was 1.00 and 2.75 respectively, whereas the ratio of controls was 0.97.

Location {#sec2-4}
--------

Eight, 11 and 4 patients were reported in group RL, LT and RT respectively. There were 5 patients with SC in the RL group, 1 in the LT group and 1 in the RT group. Only one patient, classified as LT, had three synchronous cancers, located at rectum, sigmoid colon and splenic flexure. Twelve out of the 15 patients with MC (80%) had the first tumour located distally to the splenic flexure, 5 at the descending colon and 7 at the rectum; 3 of these subsequently developed a second cancer at the right colon, 8 at the transverse colon and 1 at the rectum. The remaining 3 MC patients had the first tumour located proximally to the hepatic flexure, 1 at the ascending colon and 2 at the hepatic flexure; these patients subsequently developed a second cancer at the transverse colon.

Surgical resection and clinical outcomes {#sec2-5}
----------------------------------------

We performed a multiple segmental colorectal resection in 19 patients (83%). A subtotal colectomy was performed in 4 patients, 2 preserving the sigmoid colon fed by the sigmoid vessels and 2 preserving the caecum fed by the ileo-colic vessels, all due to a blood supply of the remnant colon judged as insufficient after multiple segmental colorectal resections. Bowel reconstruction was achieved through 9 AR (39%), 8 ITR (35%), 2 ID (9%), 2 IS (9%) and 2 aCR (9%) anastomoses. All the 8 patients with RL cancer location underwent ITR anastomosis with middle colic vessel preservation; the left colic vessels were preserved in 2 of those patients. The 4 patients with RT cancer location underwent 2 ID and 2 IS anastomoses respectively; the left colic vessels were consistently preserved in the 2 ID anastomoses while the middle and left colic vessels were both ligated in the 2 patients undergoing IS anastomosis. Nine out of the 11 patients with LT cancer location underwent AR; in 4 patients the middle colic vessels were preserved. The remaining 2 patients underwent aCR anastomosis.

Overall postoperative morbidity and mortality were 26% and 0% respectively. No difference in terms of morbidity and mortality between multiple segmental resection and subtotal/total colectomy was found (27% vs. 50%; *p=0.231).*

Pathological findings {#sec2-6}
---------------------

Stage, grade and histotype are reported in [Table 1](#T1){ref-type="table"}. Mucinous histotype was found in 12 tumours with an overall prevalence of 26%. SC patients showed a higher prevalence of cancers with mucinous histotype, albeit not significant (31% vs. 23%;*p=0.726).* Four patients had both mucinous tumours whereas 4 patients had only one mucinous tumour.

Survival analysis {#sec2-7}
-----------------

The median follow-up of SC and MC patients was 78 and 132 months respectively. The 5-year and 10-year overall actuarial survival rates were 100% and 80% in SC patients, 87% and 78% from the first cancer in MC patients respectively (*p=0,976).* ([Fig. 1](#F1){ref-type="fig"}) Interval time between the index and second cancer was not associated with the overall survival after the second cancer in MC patients (*p=0.284).* In fact, the 5-year overall survival after the second cancer of MC patients developing the second cancer before or after the 5-year-surveillance was 67% and 64% respectively (*p=0.883).* A recurrence was documented in 6 patients (26%). The first site of recurrence was loco-regional in 1 SC patient and distant in 5 patients: 3 MC patients and 2 SC patients. The site of distant failure was the liver in 2 patients, the lung in 2 patients and the peritoneum in 1 patient.

![Kaplan-Meyer survival curves comparing overall survival of synchronous cancer patients (**Synch**), metachronous cancer patients from the first cancer (**Met1**), metachronous cancer patients from the second cancer (**Met2**)](ACTA-88-39-g001){#F1}

###### 

Demographic, clinical, pathological and molecular data of multiple sporadic colorectal cancer patients

  Syn/Met                               Gender   Age   Stage       Grade     Mucinous tumour
  ------------------------------------- -------- ----- ----------- --------- -----------------
  Syn                                   M        69    II - I      G2 - G3   Both
  Syn                                   F        68    I - I       G2 - G1   None
  Syn                                   M        74    II - III    G2 - G3   Both
  Syn                                   F        70    I - I       G2 - G3   None
  Met                                   M        69    III - I     G3 - G2   None
  Met                                   M        79    III - II    G2 - G3   Second
  Met                                   M        71    III - III   G3 - G3   Both
  Syn                                   F        80    II - I      G2 - G3   None
  Met                                   M        48    I - III     G3 - G3   None
  Met                                   M        73    II - II     G3 - G3   First
  Syn[\*](#t1f1){ref-type="table-fn"}   M        79    IV - IV     G2 - G2   First
  Met                                   F        54    I - I       G3 - G2   None
  Met                                   M        76    I - I       G1 - G2   Second
  Met                                   M        57    II - II     G3 - G3   Both
  Met                                   M        84    I - II      G2 - G2   None
  Met                                   F        56    I - I       G2 - G2   None
  Met                                   F        85    III - III   G3 - G3   None
  Syn                                   F        63    III - I     G2 - G3   None
  Met                                   M        75    III - I     G3 - G2   None
  Met                                   F        60    III - III   G2 - G2   None
  Syn                                   M        73    I - II      G2 - G2   None
  Met                                   M        76    I - II      G2 - G2   None
  Met                                   M        51    II - II     G2 - G2   None

patient diagnosed with three synchronous colorectal tumours

###### 

Variable influencing survival in multiple sporadic colorectal cancer patients

                                  Univariate analysis
  ------------------------------- ---------------------
  Gender                          0.586
  Age                             0.041\*
  Interval (within 5 yrs)         0.052\*
  Location                        0.660
  Extent of surgical resection    0.655
  Stage                           0.281
  Grade                           0.730
  Nodal involvement               0.064\*
  Mucinous histotype              0.875
  Adjuvant therapy in stage III   0.868

Univariate analysis demonstrated that later age at the first cancer diagnosis (*p=0.002*) and nodal involvement (*p=0.064*) were associated with a significant decrease in overall survival (Tab. 2). The Cox proportional hazards test, performed on the MSCRC patients, failed to identify independent predictors of prognosis.

Discussion and conclusions {#sec1-4}
==========================

MSCRC is a relatively rare disease. The reported incidence of multiple primary colorectal cancers is considerably variable, ranging from 0.6 to 10.6%; the probable reasons for this variability are the low incidence, the lack of routine screening for heredo-familial colorectal cancer syndromes and, most of all, the lack of distinction between sporadic and non-sporadic multiple colorectal cancer ([@ref18], [@ref19]).

The most relevant data of our series arose from survival analysis: both synchronous and metachronous multiple sporadic colorectal cancer patients showed excellent prognosis independently from stage and grade, despite a significantly higher median age.

Survival data suggest the hypothesis of a different pathogenesis of MSCRC, possibly resulting in a less aggressive biologic behaviour. The comparison of pathologic features of multiple cancers in each patient revealed a tendency of SC patients to develop cancers of differing stage and grade, whereas MC patients tend to develop cancers of similar stage and grade in the vast majority of cases. Mucinous histotype as a pathologic feature appears to have a similar distribution among SC and MC patients to that of the general population. Those data are surely not sufficient to account for such a difference in survival rate; only a thorough pathological and genetic analysis on larger samples could yield more exhaustive answers ([@ref20]-[@ref23]).

From a clinical/therapeutic point of view, while SC patients represent a distinct subgroup of cancer patients with a possibly better prognosis, MC patients could be considered as a subgroup of patients with a new sporadic colorectal cancer after a curative treatment of the first one, thus reflecting both a higher tendency to develop colonic cancer and a positive response to oncologic treatment. Only larger cohort studies will be able to confirm these hypotheses. Many authors reported an extremely varying average of interval to detection of a metachronous colorectal cancer ([@ref10], [@ref13], [@ref19], [@ref24], [@ref25]). In our series 63% of the MC patients developed the second cancer after the 5 years of surveillance and the interval time did not influence the prognosis of the second cancer.

Concerning the surgical approach, in our series it was constantly conservative, aimed at the preservation of bowel function, subtotal and total colectomy being performed only in the case of suboptimal or insufficient blood supply of the remnant colon ([@ref15]). Supported by our short- and long-term results, segmental or regional colonic resections seem appropriate in the elective treatment of MSCRC, and the indication for a total colectomy should not be based on oncologic purposes in either SC or MC patients. We have no data on the influence of the laparoscopic approach. Multiple segmental colorectal resection for synchronous or metachronous cancer could be technically more difficult, although the progressive advances in mini-invasive surgical techniques could make the laparoscopic approach the gold-standard even in these patients ([@ref26], [@ref27]).

In conclusion, MSCRC showed specific clinical features with a better prognosis than single sporadic colorectal cancer, both for SC and for MC patients. Segmental or regional colorectal resections seem appropriate from an oncologic point of view in the elective treatment of MSCRC, and the indication for a total colectomy should not be based on oncologic purposes in these patients. Future research should confirm these results on larger series, possibly identifying a tailored therapeutic approach and surveillance for this subgroup of oncologic patients.
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